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© MuWlayered biodegradable stent and method for Its manufacture. 



© A stent (12) of rrtuftsayered lumaiated construc- 
tion wherein one layer (18) addre sses the structural 
reo^eremento of the stent and additional layers 
(20.22) release drugs at precfictable rates. Both the 
structural layer (16) as wel as the drug releasing 
layers (2022) are eventuaty completely resorbed by 
the body. 

FIG. 2 
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The present i nv e rsion rotates to e xp anda ble 
IntraajrnJnal vascular grails* gensrafy referred to as 
More pvituviy, mo aiveriDon panaris to 
ens are otoaegraoaDto ana eapa oi e of re- 
I merapeutic drugs. 

npnraeo mid wrnons or wesson 
of the body in order to maintain tie patency of 
A variaty of deavory systems have 



maintainBiQ patency and of dtepensing drugs. 

Tha prior art has baan unable to provide a 
nam mat » comptwrsiy aoaoroao uy ia oooy aner 



ptoymant of wants. Tha slant inrtiavy ia manipo- 

« - A _ J «- — - 1 - II II ill 1 i ll it ~ ' - I . I ' . '* 

unoo wntie m ns corajecsaa sm, wnorom rts re- 
ducad cSameter mora readBy aftows ft to bo intro- 
duoad into tha luman and maneuvered into placa. 
Once in placa. it is enlarged to a olamstar either 
greater than or eq ual to the diameter of tha lumen 
so as to atiow tha tree flow of fluids therethrough. 

A system eapedafly adapted tor coronary ap- 
pflcaaons employs a stent design that incorporatos 
a combination of interacting elements which serve 
to automatical lock tha stent into its enlarged 
configuration upon expansion. The stent is moved 
into position along a guidewire that previously has 
baan placed in the lumen where the stent is to be 
oepioyeo. ajnaaon or a oaaoon aoout wracn me 

of the catheter and guidewire leaves the stent in 
i the surface of the 
i wo posnrvery matrnaNi 
me stem in poa w on wiuan vie mroon. 

ni J« 1| n i ninlnra Ii nilii Jl i h ■ h In — ■ it «| 

sworns nerenaore rypmny nave, oaan rorrneo or 



steal* tantalum, or gold. However, it 



seven to twenty one days the endotheial layer of 
the artery or vessel grows into and throughout tha 
wees of the slant, at which point the ussty of the 
stent substantiaty is olmirsshed and tha continued 
presence of the stent in the lumen may cause any 
of a variety of p ro ble ms or compacabons. There- 
fore, it has been proposed to form saints of 
biodegradable or bi oa b sorb abte material* ttat are 
comptetoty resorbed by tha body within a period of 



* Continued phanwsjQoJogi c al treatment of the 
vessel or oondWon vwt made tfto imptantaaon of 
the stent nacessary often is i 
Such treatment fypicafly is 

i locafly and. aa a result, it has been 
1 to rety on tha stent for the deavory of 
drugs to provide this treatment. Miterfali are 
known that are c apable of absorbing certain drugs 
and subsequently releasing the drugs at a substsn- 
bally precSctabte rate tor a proacrtoabto period of 
time under particular environment a l conditio ns . By 
forming the stent of such drug^mprognetad ma* 
terra) or by otherwise associating such material with 
the stent, the stent can achieve the dual purpose of 



to facititate to eitpiantation, performs a 

, | a i m n 1 1 if ii il ClS m ■ l.^»faitii ii Ika -' ■ » 1 1 J 

pt unary mncaon or maaaanng ma pvancy or me 
vessel for a period of erne, and graduaty releases 
a drug prior to its resorption. Previous attempts to 
impart the nacessary physical properties to drop- 

properties ■> tnose massnars wtmouc < 
the drug-re leasing properaas or tha a fflc a cy of tha 

The present invention provides a slant that is 
15 both completely resorbable by tiai body and ca- 
pable of d eevaring cat tain drugs. Moreover, tha 

ssry for K to perform its structural function aa wafl 
as to tactnaaf as vftpmraaoon. ins ai acraaveo oy 

as employing a muNflayered. laminated ccnsaucaon. 
A flrst bjoa bso r ba bte layer is t ela c l a d tor its phys- 
icaf properties. One or more adoaaona) resorbable 
layers are selected tor the abflty of the layer or 
layers to retain varioue druga and then graduaty 

as release the drugs upon exposure to the particular 
environment to which the stent is exposed to upon 



the 

of a pejratity of 
By 

can be 



The 

bination in a 
drug contain! 
ration of the layers. 

sim u fl a neo u sfy witti d eplo y men t of the 
re le as ed in a 
quence. Moreover, (finer ant parts of the anatomy 
can be targeted lor aeatment using dMarant drugs. ^ 
That is, a drug/containing layer which is at ao ci ated 
only wflh the extorter aurface of tiaa stent would . 
cause that drug to be released otrectty into tha 
vessel wati whfla a drug-containing layer associ at ed 
only wim the inaartor aurface of the stent would 
cause the drug to be released into, and to free flow 
within, tite lumen* 

ine laminaieo oonsaucaon or me scent aaows 
the structorsf layer to be fabricated before it ia 
laminatod. Therefore, any layer can be s ub jected to 
rigorous cond it ioning during its proce ss ing and 

I . || rti . , *■ * fc- — m ik ■ n > ■ 1 1 ■ 1 1 1 ■ fi n i il. r W« 

treatment mat rmgnt oe sov amagaous m oroer k> 
impari suriicterii soengm w> are vyer or layers, m 
the case of prior art stents, this rigorous condHkav 
ing might have the effect of deteriorating or caus- 
ing a deg ra dation in the effect of any drug or drug- 
reaming materials. ,The present Invention provides 
tor me orugHmcyecjnateo rneaonani to pe comomeo 
with the structural layer only after the f a rjti ca fJ o n of 
the structured layer is complete. 

The material selected tor the structural layer of 

iSm ■ a ■ n a *mm% S*Wa T ra i i ■ nltri n m«*«l — i m ■ l ~- 

me sasnt or me present arvenoon must oe reapsor* 
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a ct e ristic s . These requireme n t s can be satisfied by 
using polymers such as pory-L-toctJc add or poty- 
gtycoSc acid that have been extruded and oriented 
to obtain maximum tensile strength and optimal 
nexuraJ properties. 

The drug-releasing layers are selected based 
on the properties of the materials used to retain 
sufficient quantities of particular drugs, to release 
those drugs at a constant or at toast predictable 
rate when exposed to the environment encountered 
upon implantation, and to oventuaty become com- 
ptoteiy absorbed by the body. Polymers capable of 
such functions include pory-OL-tectic add or pofy- 
caprolactone. Such polymers are first intermixed 
with the drug or drugs to be defvered and then are 
either extruded or solvent cast The drug^xtiaining 
layer or layers and the structural layer subsequent- 
fy are laminated to one another using heat or 
solvents. 

The present invention aoVantageousry is sp- 
otted to stents Implantable in a coronary artery 
after an angioplasty procedure has been performed 
wherein the exterior surface of the stent releases a 
drug into the vessel was* that tends to discourage 
restenosis and also dtocourages coagulation of the 
fluid passing through the lumen. Alternatively, a 
stent accorolng to the present invention may be 
utffzed to treat prostate cancer, to this ecpecatton. 
a chenxrtherapeutic drug is released dSrectfy. into 
the urethra via the implanted stent 

These and other features and advantages of 
the present invention wii become apparent from 
the following detailed description of the preferred 
embodiments which, taken in conjunction with the 
accompanying drawings, illustrates by way of ex- 

»- ft i ■ «m!m Jmt turn - * »t * - - - Ml - 

ampw me pn n opies ot me invention. 
In the drawings: 

Rgure 1 is a perspective view of a stent of toe 
present invention; and 

Figure 2 is an enlarged cross sectional view 
showing the laminated construction of the stent 
of figure 1. 

The Figures Oustrate a preferred embodiment 
of the present invention. Generally. Figure 1 {frus- 
trates stent 12 prior to imp to n tota v The stent is . 
formed as a furled cyinder of sufficiently smafl 
outer diameter so as to be t rans por ta bl e through 
the lumen in which it is to be deployed and of 
sufficiently targe internal dtometar to receive a bal- 
loon catheter therein. The tabs 14 extending from 
the outer surface of the catheter are sized to en- 
gage apertures 16 after the baJtoon has been in- 
flated. The process of inflating the balloon causes 
the cytnder to unfurl and thereby expand. Once 
elements 14 and 18 have engaged, the stent effec- 
tively is locked into its expanded state and cannot 
recontract 



Figure 2 is an enlarged crosssoctonai view ot 
the stent 12 according to tie present Invention. 
The stent compr ises a lami nate d stucturo compris- 
ing rnuMpto layers. The particular embodiment a- 
s lustrated has three layers, layers 18. 20, and 22. 
Central, relatively thick layer 18 co mpr ises the 
structural component of the stent which imparts the 
necessary physical ch a racteristics to make the 
stent c apable of maintaining the patency of a 
io lumen. This central layer also imparts the desired 
flexure! characteristics to the stent to alow it to be 
positioned as wet as to be exp anded once posi- 
tioned. Thinner layers on either side of structural 
layer 18 defever pha r ma cological agents. Materials 
rs that form the thinner layers are selected for the 
abifity of the materials to absorb drugs and subse- 
quentfy release the drugs at predfc ta bte rates once 
the stent is subje cte d to the environmen t encoun- 
tered upon implantation. In the embodfenent Bus- 
20 trated, the layers are d isp o s ed such that each is 
adjacent a surface of central stucturaf layer 1& 
These layers may contain the same typo of drug or 
Different drugs. A l t erna tively, only one drugroteas 
ing layer might be ram inete d to one surface of the 
25 stent. In stM another asp e c t, additional drug*teioes- 
ing layers can be buat up on top of one another to 
allow s eq u e ntial release of various m ed tea men ts. 

The material employed for the structural layer 
is selected based on the abiBy of the material to 
so impart the necessary phy sica l orooertiaa to ttie 
stent as wei for its capacity to be completely 
reabsorbed by the body. -Resorbable" is meant to 
encompass afl those materials that are either 
biodegradable bloerodable or biosDsorbebto and 
as include s materials that break down over time arxf 
are graduaty absorbed or those that are oeminated 
oy uie oooy re garote ss oi wnemer tne oegrarjaoon 
mainly is due to hydrolysis or Is mediated by 
rneujooec processes, as previousry me n ooneo, vie 
40 strength of such material must be such that once 
uie stent is si us expanoeo ano iockoo lorm, ft is 
capable of maintaining the p o t en c y of the vessel 
into which it Is implanted AAftonaty. toe physical 
characteristics of the material of Die structural layer 
m must be such as to provide 6exfei§ty sufficient to 
aflow it to be expended by. for example, the infla- 
tion of a baaoon contained therein. Furthermore* a 
oegrae or longnijomai ttexxxsty is oesaaote in 
oroer to r a ciw a i e iransporiaaon or me stent tnrougn 
so a potenoaffy tortuous path through the lumen to its 

Materials with the capacity to provide both the 
structural vnognry ano resoroaoany requvoo Deng 
resorbable typicafty are polymeric In nature. Poly- 
mers sucn as pofy-vHococ eoo or porygrycoec sen 
wrucn nave oeen exuuoeo ano onenteo oy Known 
methods to obtaei maximum tenses- strength as 
wet as optimal ftexural propertie s are weS-sucted 
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tor such eppfic efioo. Polyoi ft od w i or pofyan- 
hydrides also could bo used. In tie present inven- 
tion, the laminated corafruckon of the stent aflows 
the structural layer to bo proce sse d and treated to 
enhance Us physical properties without concern for s 
the effect such potene e ty rigorous cond ft fo ns 
would have on drug and drug^ontainirig materials. 

The materials used tor drug-releasing layers 20 
and 22 are selected lor the abttty to be absorbed 
and the abttty to retain various drugs and subse- to 
quently release the rnedfcarnents at a predkr table 
rate upon implantation of the stent Materials found 
to be es pec ial y advantageous lor such purposes 
ndude polymers such as pofy-OC-tactic acid and 
potycapro tacto no. These polymers can be inter- is 
mixed with the drug or drugs to bo released and 
sub se quently extruded or solvent cast by we#- 



CtaJms 

mi owpanoaDOi ransajmaiai sssnt tor implanta- 
tion in a vessel, comprising: 

a nrsf layer nrmoo or resoroauo material 
seiooBO wo anpen suuciurai ngxsiy v> seto 



a second layer of a roeorbabie 
joined to said first layer and 
lease a therapeutic drug at a 



to re- 




I layer and any drug- 
releasing layers have been fabricated, the layers zo 
are laminated to one another using heat or so^ 
vents. For example, a layer of poty-t-lactfc acid 
and a pofy-OL4acac add are combinable by con- 
figuring the two layers in Intimate contact and sub- 
jecting the layers to • temperature of about 55 • C. » 
The completed laminate s ubseojue n tfy is stamped 
or laser-cut to tie appropriate dknonsioruj. The 
elements and features necessary to Wtfafly main- 
tain the stent in a furled state and subsequently 
asow it to bo locked into its expanded state are « 
formed by similarly wee* known methods. A final 
funlng or shaping o peration renders the stent sub- 
stantially ready tor use. 

The ultimate purpose of the stent delates the 
d im e n sion s of the stent the strength requiremen ts as 
ano pnyswai a wact ensucs or the stent and the 
particular drugs and drug deavery rates selected. 
For example, when the goal is to maintain the 
patency of a coronary artery, a stent according to 
the present invention wherein the innermost layer 40 
ex posed to the lumen is configured to release a 
drug that redu ces file Boaehood of tfvombosis. 
Heperei or prostacycln are among the <frugs ap- 
propriate tor this purpose. In such an appacatkxy 
outer layer 20 coukJ advantageously release drugs <s 
that address rettenoiit. Drugs that have been 
found to be a f toc im for fas purpose include an- 



2. A stent as claimed In claim 1, wherein 
layer is torther selected to impart 
(to said 



a A stent as claimed in daim 1. wherein said frst 
layer, cornp risos pofy-t-tacac add. or poly- 
glycofic add* 

4. A stent as ctokned in any one of daims 1 tpS, 
wherein said sec ond layer comprises poty-OL- 

5. A stent as claimed in any one of file precodkig 
claims wherein said stent is impl a n ta ble kt a 
lumen upstream horn a cancerous growth and 
said second layer ia sel ected to release a 

8L A stent as claimed in any one of the precedkig 
claims wherei n said second layer is selected to 



7. A stent as daimed in any one of the ( 

claims wherein a tfiird layer of resorbable ma- 
terial Is joined to said first layer and selected 
to release a therapeutc drug at a rejected rate 

jfci ■ ■ a* ■ ■■ *~ ■ - *- — * » - — - , f mM 

tnerenorrt wnereoy upon wnptantaajon, sen 
stent tnftfaffy provides a desired degree of 
structural support to said vosset reteatet said 
drugs at the selected rates and ovontuafijf is 



Whoa a particular form of the invention has 
ustrated and described, it also w« be ap- so 
parent to those skated in ttie art that various mooT- 
kcattons can be made without departing from the 
spirit and scope of ffie invention. Any of a variety 
of stent designs arid ap ps ca tton s can be nefit from 
the present invention. Accordingly. & is not in- ss 
tended that the invention be amited except by the 



a A stent 
drugs 



9l A stent 
drugs 



ta A 
stent is 



daimed in daim 7, 
by said first and 



ki daim 7, 
by said first and 



in daim 0. -wherein said 
a coronary artery. 
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sad sacond layer is Joined to the outer side of m A method as claimed in any one of daims 13 

sakt stents first layer and releases a drug that to 17. wherein said second and third layers are 



third layer is joined to said first layer with the appicataon of 

Joined to the inner side of said stent's first heat or with the use of i 



layer and. releases a drug that 



11. A stent as claimed in claim 7, wherein said 
second layer is selected to release angtopeptm 

and said third layer is selected to release to 
heparin. 

12. A method of fabricating a biodegradable, drug 
reienring stent for implantation within a lumen, 
comprising the steps of! is 

forming a first layer of biode gra dable ma- 
terial having phy sica l properties necessary to 
enable a stent to perform its structural function 
within said lumen; 

forming a second layer of biodegradable 20 
material which releases a selected drug upon 
exposure to an envi ronm ent such as is en- 
countered within said lumen; and 

joining said second layer to said first layer 
provtoe a lammaxea strucsjro mat is Dtooeg- 25 
radabie, drug releasing and has the physical 
properties necessary for said stent to perform 

1 1 11 1 I ir ■! fc mm — l?n — Ttii T 11 * -* fc im ., m 

ns suucxurai mncuon wnran san umen. 

13. A method as claimed in claim 12, further com- so 
prising the steps of: 

forming a third layer of biode gr adable ma- 
terial which rel eases a selected drug upon 
exposure to an environment such as is en- 
countered within said lumen; and ss 

joining said third layer to said first layer. 

14. A method aa claimed in claim 12 or daim 13. 
wherein said first layer is formed by extrusion 

and orientation of a polymeric material. 40 

15. A method as claimed in daim 14, wherein said 
. polymeric material comprises pory-L-tactic acid 

or porygtycofic add. 

45 

16. A method as claimed in any one of daims 12 
to 15, wherein said second layer comprises a 
mixture of said drug and a polymeric material. 

17. A method as claimed in daim 10, whereai said so 
pofymenc materia) comprises' pofy-OL-tactlc 

acid or a potycaprofactono. 

1&. A method as claimed in any one of claims 12 
to 17. wherein said second layer is joined to ss 
saia mzi vyer wwi me appacapon or neai or 
with the use d solvents. 
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